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What could we do with layered structures with just the right layers? What would the properties of materials be if we could really arrange the atoms the way we want them? . . . I am not afraid to consider the final question as to whether, ultimately-in the great future-we can arrange the atoms the way we want; the very atoms, all the way down! -R.P. Feynman, "There's plenty of room at the bottom," 1959
For Carmen
In 2004, Andre Geim, Konstantin Novoselov, and coworkers at the University of Manchester published a paper 1 in which they reported fabrication of an electronic device on a sheet of carbon atoms that was only 1 atom in thickness. So began the field of two-dimensional layered materials, which has since produced many thousands of publications in the disciplines of physics, chemistry, materials science, electrical engineering, and chemical engineering. The single layer of carbon atoms (a monolayer) of the type used by Geim and Novoselov became known as graphene, and it is most easily produced by exfoliating layers off of a graphite crystal. The same procedure can be used to produce atomic layers of other materials, including transition metal dichalcogenide (TMD) materials such as MoS 2 and WSe 2 . It is important to note that research (and application) of layered materials such as these has gone on for many decades. However, the ability to exfoliate the layers in order to produce micrometer-size monolayer-thick flakes, to place these flakes on a holding wafer (a substrate), and then to produce an electronic device and/or circuit on the flakes is something that has been possible only since 2004. For this achievement, Geim and Novoselov were awarded the Nobel Prize in Physics in 2010.
The Ph.D. thesis of Sergio C. de la Barrera, while awarded in a Physics department, could perhaps more accurately be described as belonging to the research field of semiconductor surface and interface science (including tunneling devices). This field is comprised of thousands of researchers worldwide devoted to the study of specific classes of semiconductor materials, each of which has their own range of applications. Within this field, graphene and related materials have been very actively studied over the past decade for the purposes of both understanding their fundamental properties and utilizing them in electronic applications (e.g., for beyond Moore's law devices and circuits).
One additional item that is important to understand regarding the study of twodimensional (2D) layered materials is that the micrometer-size flakes described above, while sufficient for studies of fundamental properties and individual electronic devices, are totally unsuitable for large-scale production of devices. For that, one must employ the established methods of the semiconductor industry, consisting of parallel production of many devices on a wafer that is many tens (or several hundred) centimeters in diameter. For this purpose, the exfoliation method is insufficient, and one must employ thin film deposition methods of the type used for non-2D materials. Hence, the materials science of epitaxial growth is an essential element in the study of 2D materials and devices.
In his Ph.D. thesis, Dr. de la Barrera advances the state of the art in several aspects of the 2D field, including both experimental and theoretical research. The technique of low-energy electron microscopy is employed to study the surface of monolayer WSe 2 deposited by metal-organic chemical vapor deposition on epitaxial graphene substrates, and a method for unambiguously measuring the number of atomic layers is formulated. Using the very low-energy electrons of this instrument to probe the surface of WSe 2 on epitaxial graphene, adjoining bare epitaxial graphene, work function differences between the WSe 2 and graphene are measured and these are used to deduce the nature of the electrical contact between WSe 2 and graphene. A theory for computing tunneling currents between two-dimensional crystals separated by a thin insulating barrier is developed, and a few situations that result in resonant tunneling and negative differential resistance are illustrated by computed examples. The computations are compared with recent experimental observations from other research groups, and good agreement between experiment and theory is obtained.
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